We report on Raman scattering measurements of the A-site ordered YBaMn 2 O 6 in the wide temperature range of 10 − 650 K. Upon cooling almost all phonon modes show pronounced temperature dependencies of frequency, linewidth, and scattering intensity. This suggests that the octahedra tilting degrees, Mn-O bond angles and lengths vary with temperature in a concerted way. The remarkable feature is that the high-temperature metallic and the charge and orbital ordered (CO-OO) states coexist down to T N =195 K. In the antiferromagnetic state zone-folded modes are induced by the CO-OO superstructure and the phonon modes undergo an anomalous softening and narrowing. Our results evidence that the CO-OO state is stabilized by the spin ordering for temperatures below T N .
proposed for the concomitant charge and orbital ordering (CO-OO). In the ionic model the simple Mn 3+ /Mn 4+ rock-salt-type order is accompanied by the ferro-orbital ordering in which d z 2 -type Mn 3+ ions are arranged in a parallel fashion. 10 The alternative Zener polaron ordering picture supports a formation of ferromagnetic plaquettes consisting of four Mn atoms between T N < T < T CO , which evolves into a noncollinearly ordered state.
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In this brief report we investigate charge and lattice dynamics by Raman spectroscopy, which is sensitive to orbital order and structural changes via optical phonons. We find the coexistence of the metallic and CO-OO states over a wide temperature range and the stabilization of the new CO-OO pattern by spin ordering.
Polycrystalline samples of YBaMn 2 O 6 were prepared by a conventional solid state reaction. Raman scattering measurements were performed in a quasi-backscattering geometry with the excitation line λ = 514.5 nm of an Ar + laser. The incident power of 10 mW avoids significant heating and irradiation effects. Raman spectra were collected by a DILOR-XY triple spectrometer and a nitrogen cooled charge-coupled device detector. The high temperature measurements from 300 K to 650 K were carried out using a heating stage under vacuum. In the high-temperature paramagnetic state we resolve 11 phonon modes in the frequency range up to 700 cm −1 . In spite of metallic conductivity, the 183-, 235-, and 446-cm
modes are intense and sharp. This is due to the strong distortions of the MnO 6 octahedra including tilting. We note that although the real lattice symmetry is lower than the cubic perovskite structure, the main phonon bands can be largely classified in terms of the three cubic groups. distortions. In addition, the CO-OO activates new phonon modes. As a consequence, we can resolve 24 phonon modes at T=10 K.
We turn next to the pronounced multiphonon scattering in the frequency range of 850 − 1700 cm −1 . The higher-order bands correspond to overtones and combinations of the 537 and 644 cm −1 modes. Since the multiphonon modes are present even in the metallic state, they are not caused by orbital ordering. This was discussed as the origin of the multiphonon scattering in LaMnO 3 . 15 With decreasing temperature below the AFI state, the higher-order phonon bands are better resolved with several fine structures. This reflects the formation of a superstructure related to CO-OO. In addition to the contribution of the orbital dynamics we have also to consider resonance Raman scattering. To differentiate between the latter two contributions more detailed information on the electronic band structure would be needed.
In cooling and exhibit a maximum in intensity at the lowest measured temperature. Also, the 447-cm −1 bending mode is suppressed below T N while the 475-cm −1 mode on the high energy shoulder develops a three-peak structure. This points to the formation of a superstructure.
The 526-cm −1 Jahn-Teller mode is barely detectable in the metallic state. In the AFI state it becomes intense while new modes are split from the major peak. This is the zone-folded mode caused by the charge ordering. The 644-cm −1 breathing mode exhibits a similar behavior (not shown here).
We likely relate the pairwise modes to two inequivalent MnO 6 octahedra. 7 The Raman scattering intensity is proportional to the partial derivative of the dielectric function with respect to the amplitude of the normal mode. It is therefore hard to understand why the scattering intensity of the normal modes of the two inequivalent MnO 6 octahedra is drastically different. Rather, we assign the former to the high-temperature metallic state while the latter to the CO state. This is supported by the fact that the MnO 6 octahedral tilting increases from two-to three-tilt upon cooling through T t . 7 The Mn-O bond lengths 18 ]. Since the g-factor scales with the magnetic susceptibility in the studied compounds, we conclude that the correlation between the linewidths and the g-factor evidences strong coupling lattice dynamics and spin degrees of freedom.
In the following we will discuss the implication of our results with respect to the CO-OO state. In the high-temperature metallic state above T t a structural study shows that all Mn lattice sites are equivalent. 11 Furthermore, ESR measurements provide evidence for a highly mobile polaronic hopping of the e g -electron system. 18 In spite of a screening of the phonon modes by the conducting electrons, the Raman spectra are characterized by sharp peaks.
This signifies heavy distortions of the MnO 6 octahedron. The more salient feature is that the main peaks of the metallic high temperature phase are accompanied by weak peaks, which develop into strong peaks at lower temperatures. This suggests that a small fraction of a local charge ordered state is still present in the background of the metallic state. Also in a neutron scattering study a two phase region has been observed between T t = 520 K and T CO = 480 K. citeWilliams05b This is further supported by anomalies of the g factor in ESR experiments, that indicate the presence of clusters of the high-temperature phase.
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Therefore we suggest that the phase separation is due to an intrinsic phenomenon and not due to impurities or inhomogeneities.
In the CO state ESR shows a slowing down of the polaronic hopping processes and the persistence of charge fluctuations down to T = 410 K.
18 For T N < T < T CO our Raman spectra give no hint for the presence of CO induced phonons. Instead, the coexistence of metallic and CO states are observed similarly to observations in the metal-disordered However, we can say that the CO-OO state between T N and T CO is more complex than the two models.
Upon cooling through T N , a rearrangement of the orbital stacking pattern takes place.
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In the AFI phase zone-folded modes related to a superstructure appear while phonon modes related the metallic state are suppressed. At the same time, the phonon modes undergo a substantial softening, a narrowing of their linewidth and drastic increase of their scattering intensity. This indicates that new CO-OO patterns are stabilized by the spin ordering. The related strong spin-lattice coupling is confirmed by the observed substantial softening, which is opposite to the expected hardening due to anharmonic lattice interactions.
To conclude, our Raman scattering study of the A-site ordered YBaMn 2 O 6 show pronounced phonon anomalies based on continuous and concomitant changes of the MnO 6 octahedra tilting degrees, bond angles and lengths. We find evidence that in this compound metallic and CO-OO states coexist between T N and T CO . Furthermore new CO-OO patterns are stabilized below T N .
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